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Description 

The present invention provides a process to synthe- 
tize zircon as an ultra thin coating. 

Presently the inorganic membranes for ultrafiltration 
are usually made of oxides of aluminum, zirconium or 
titanium. Those membranes are produced by "sol-gel" 
type processes, such as those described in published 
patent documents FR-A-2 550 953 and EP-A-0 242 208. 

Because of the outstanding chemical durability of 
zircon (ZrSi0 4 ), it would be very useful to have ultrafil- 
tration membranes of that material, in particular to oper- 
ate ultrafiltration in extreme pH conditions. 

Nevertheless zircon ultrafiltration membranes are 
absent from the previous art. The reason might be that 
the much faster reactivity of the zirconium alkoxides, in 
contrast to the silicon alkoxides, during the hydrolysis 
and condensation reactions taking place in the sol-gel 
processes normally produces separated precipitation of 
zirconia (ZrO^, which makes it impossible to obtain zir- 
con. 

In order to fill in that gap, the present invention pro- 
vides a process to prepare zircon as ultra thin layers. 

SUMMARY OF THE INVENTION 

We have discovered that it is possible to produce 
ultra thin zircon coatings by sol-get type processes, pro- 
vided the silicon aikoxide is prehydrolyzed, and the zir- 
conium alkoxide or other appropriate compound is 
chemically modified to slowdown its hydrolysis and con- 
densation kinetics, and provided those means are com- 
bined with the use of a doping agent (an additive) 
facilitating zircon crystallization. 

More precisely the present invention provides a 
process to prepare zircon as an ultra thin coating, which 
process comprises: 

A) mixing (i) a homogenous alcoholic sol resulting 
from hydrolysis and partial condensation of a silicon 
alkoxide with (ii) a homogenous solution of a zirco- 
nium compound chelated in an alcohol and (iii) in the 
presence of a doping agent being soluble in the 
resulting mixture and promoting zircon crystalliza- 
tion, with proportions of the sol and the solution 
yielding a molar ratio Si/Zr close or equal to 1 , until 
a homogenous mixed sol is obtained; 

B) forming a matured sol containing colloidal parti- 
cles and/or polymeric entities by a procedure 
selected from: 

(i) stirring the mixed sol for approximately 30 
minutes to 24 hours under conditions of temper- 
ature and stirring to obtain and avoid gelling the 
matured sol, and 

(ii) gelling the mixed sol, drying and forming a 
powder of the resultant gel. and mixing the pow- 
der with acidified water to obtain the matured 
sol; 



C) forming a coating of the matured sol on a micro- 
porous substrate; 

D) drying the sol coating sufficiently slow to convert 
the sol coating to a gel coating and avoid flaws in the 
gel coating; 

E) firing the gel coating on the substrate at a tem- 
perature of 900 to 1 500°C to form an adherent ultra 
thin zircon layer on the microporous substrate. 

w By "ultra thin layer" we mean a layer which is less 
than 2 urn thick, and can be as thin as 0.3 jim. 

The instant invention concerns also the use of an 
ultra thin porous coating in products such as: (1 ) an ultra- 
filtration device comprising an ultra filtration membrane 

is supported on a microporous substrate and where the 
membrane is a porous, ultra thin, zircon layer produced 
by the above described process, and (2) an article com- 
prising a microporous substrate having a surface to be 
protected and a dense, ultra thin, zircon layer coating the 

20 surface to be protected, which layer is produced by the 
above described process. 

DETAILED DESCRIPTION 

25 The homogenous alcoholic sol resulting from hydrol- 
ysis and partial condensation of a silicon alkoxide which 
is used as a reagent in step (A) can be prepared for 
example by preparing an acidified aqueous alcoholic 
solution, by adding a silicon alkoxide under stirring, then 

30 maturing it at 20 to 80°C, e.g. for 5 minutes to 24 hours, 
to let hydrolysis and partial condensation of the alkoxide 
be achieved. 

The silicon alkoxide can be, for example, tetramethyl 
orthosilicate or tetraethylorthosilicate. The molar ratio 

35 water/silicon alkoxide can be between approximately 4 
and 20. If that ratio is lower than 4, hydrolysis is not com- 
plete while if it is higher than 20 the excess of available 
water can produce a precipitation. The preferred value 
of that ratio is around 10. The alcohol for the alcoholic 

40 solution can be chosen among those where the alkoxide 
is soluble. Examples are methanol, ethand, propanol, 
dimethoxy-methanol, etc. The pH of the acidified alco- 
holic solution must be adjusted depending on the partic- 
ular alkoxide. For tetraethyl orthosilicate (TEOS), the 

45 optimal pH is between 2.5 and 3.5. 

After maturing, the sol can be optionally made basic 
by addition of a base so that the doping agent can be 
converted into a hydroxide reducing the mobility of the 
doping ions. 

so The homogenous solution of the zirconium com- 
pound chelated in an alcohol, used as the reagent in step 
(A), can be obtained, for example, by preparing a homog- 
enous alcoholic solution of the chelating agent, then add- 
ing the zirconium compound under stirring. 

55 The chelating compound, intended to reduce the 
reactivity of the zirconium compound with water, can be 
chosen among various classes of compounds. Among 
others we can make mention of p-diketones and ami- 
noalcohols, the most representative examples being 
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acetylacetone and triethanolamine, respectively. Other 
compounds, possibly useful are polyds such as glycerol 
or ethylene-glycol, carboxylic acids, hydrogen peroxide, 
a-hydroxy-acids such as glycolic acid or salicylic acid. 
The molar ratio chelating compound/zirconium com- 
pound can be from 0.1 to 1 , preferably between 0.4 and 
0.8, depending on how much the reactivity of the zirco- 
nium compound has to be reduced. 

As zirconium compound, one can use a zirconium 
alkoxide such as zirconium tetra-n-propoxide or zirco- 
nium tetra-n-butoxide, or else a zirconium salt or a zirco- 
nyl salt soluble in the selected alcohol, such as zirconyl 
chloride or nitrate. 

The alcohol to be used to prepare the homogenous 
solution must be selected according to the zirconium 
compound so that they are mutually soluble. Examples 
of alcohols usually suitable are methanol, ethanol, pro- 
pan ol, dimethoxy-methanol, etc. 

The sol prepared from the silicon alkoxide and the 
solution of chelated zirconium compound must be mixed 
in such proportion that the molar ratio Si/Zr is close or 
equal to 1, since the aim of the process is to produce 
zircon ZrSi0 4 . 

The sol prepared from the silicon alkoxide and the 
chelated zirconium compound solution must be mixed in 
the presence of, e.g. with, a doping agent which is solu- 
ble in the resulting mixture and promotes zircon crystal- 
lization. 

The doping agent can be selected among the solu- 
ble compounds of Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, 
Nb, Ta and Pr. Soluble compounds of those metals, 
except of vanadium, can be found among their mineral 
salts such as chlorides or nitrates, among their carbox- 
ylates such as acetates, among their alkoxides. etc. As 
usable vanadium compounds, vanadyl triisopropoxide is 
one, which can be modified with acetylacetone to avoid 
a too fast reaction with water, and ammonium metavana- 
date could also be used. 

At present it is preferred to use as a doping agent a 
copper soluble salt such as dihydrated copper di chloride 
CuCI^H^), or monohydrated copper diacetate 
Cu(CH 3 COO) 2 -H2a 

Practically, the doping agent can be incorporated 
either into the sol prepared from the silicon alcoxide, or 
into the zirconium compound solution, or into both. 

The molar ratio doping agent/(silicon alkoxide + zir- 
conium compound) can be from 0.01 to 0.25 approxi- 
mately. 

The sum of the molar concentrations of silicon alkox- 
ide in the sol and of the zirconium compound in the 
homogenous alcoholic solution can be approximately 
between 0.1 and 2 moles/liter. 

After Wending, the mixed sol can mature with stirring 
for approximately 30 minutes to 24 hours at a tempera- 
ture of 20 to 80°C, but taking care that the sol does not 
gel. 

Alternatively the mixed sol can mature by gelling it 
under conditions therefor, drying the resulting gel, for 
example between 60 to 150°C. to obtain a powder, and 



then dissolving or mixing that powder, possibly after 
grinding, into acidified water to obtain a sol. 

The matured sol obtained in either above alternative 
is used to lay, for example by suction, an even homoge- 

5 nous coating of the colloidal particles and/or the poly- 
meric entities from the sol onto an appropriate 
microporous substrate. 

The microporous substrate can be a tubing (partic- 
ularly suitable for ultrafiltration applications), a plate or 

w any other shape. Preferably its pores have a diameter 
lower than 0.2 \im and its surface roughness does not 
exceed 1 jim, to minimize the risk of flaws or large pores 
in the coating. Such a substrate can be made in 2 steps. 
Firstly we make, e.g. by extrusion or by slip casting, a 

15 macroporous substrate, from a powder with a main grain 
size around 5 to 1 00 ftm. Then we coat the substrate with 
a layer of thin powder, the main grain size of the powder 
being 0.25 jim and the biggest size being < 1 \im, by slip 
casting from a slip perfectly dispersed and deaerated to 

20 avoid any flaw larger than 1 jim. After drying, the micro- 
porous substrate is consolidated by firing at high temper- 
ature. 

The powders used to produce the substrate can be 
either ceramic powders, such as zircon powder obtained 

25 by grinding, or metal powders, such as nickel. The selec- 
tion of the powder is not neutral, since we have discov- 
ered that certain microporous substrates, in particular 
alumina, inhibit zircon crystallization in the presence of 
a doping agent consisting of copper, cobalt or iron. We 

30 have not verified if that inhibition occurs also with other 
doping agents. 

The coating layed onto the microporous substrate is 
then dried very slowly to avoid flaws. Typically that drying 
is done at a temperature less than or equal to 50°C for 

35 several hours. During that drying the sol becomes a gel. 
Once dried, the coating is fired up to a maximum 
temperature between 900 and 1500°C, preferably 
between 1000 and 1250°C. The heating rate must be 
slow enough (5°C/minute maximum) until about 500°C, 

40 at which temperature the last organic compounds are 
eliminated. The maximum temperature will control the 
porosity of the zircon layer obtained, said porosity being 
lower when the maximum temperature is higher. Practi- 
cally, if a porous layer useful as an ultrafiltration mem- 

45 brane is desired, the coating will be fired preferably up 
to about 1 000-1 1 20°C. If conversely a dense zircon layer 
is desired, the coating will be fired at least at 1 150°C, 
preferably between 1 150 and 1250°C, in particular abut 
1200°C. Such a dense zircon layer, due to its excellent 

so chemical and thermal resistance, is useful as a protec- 
tive coating. 

The coatings are very thin, between 0.3 and 2 jim, 
depending on the operating conditions for preparation of 
the mixed sol and of the coating itself. In particular, we 
55 have found that, when the process is applied including 
the step (B)(i), the coatings are thinner than when the 
step (B)(ii) is applied. When the maximum firing temper- 
ature does not exceed about 1 1 20°C, preferably 1 1 00°C, 
the layers are porous, with a very small pore diameter, 
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typically between 30 and 50 nm, which combined with 
their chemical durability make them very appropriate for 
ultrafiltration applications, in particular in extreme pH 
conditions. 

The present invention will now be illustrated by the 
following non-limitative examples. 

In these examples, as silicon alkoxide we used tetra 
ethylorthosilicate (abbreviation TEOS) containing at 
least 98% v/v (by volume) of active reagent, produced 
by Aldrich Co., and as zirconium compound we used zir- 
conium tetra-n-propoxide containing 70% vN of Zr(OPr) 4 
where Pr stands for propyl, produced by Alfa Co. 

As microporous substrate we used a 1 0 mm internal 
diameter tubing, formed along the general process 
above, from zircon particles, and fired at 1 200°C for one 
hour. 

Example I 

Into a hermetically sealed f laskf itted with a magnetic 
stirrer, we introduced 72 ml of ethanol. Then while stirring 
the ethanol, we added 3.9 ml of water at pH = 3. That pH 
was obtained, with water previously ion exchanged and 
filtered, by adding an appropriate quantity of nitric acid. 
After mixing for 5 minutes, we added 4.35 ml of TEOS. 
The mixture was let to mature for 1 hour at 40°C while 
stirring it. Then we added 0.42 g of dihydrated copper 
dichloride, and dissolved it by stirring the mixture for 5 
minutes. The sol so obtained is designated sol A, and 
the time at the end of the above 5 minutes stirring is des- 
ignated to- 

Concurrently with the preparation of sol A, we intro- 
duced 66 ml of propanol-1 into a hermetically sealed 
f laskfitled with a magnetic stirrer. Then while stirring the 
propanol, we added 1 .2 ml of acetylacetone. After 5 min- 
utes stirring, we quickly added 8.25 ml of Zr(OPr) 4 . Such 
chemical modification of Zr(OPr) 4 was carried out for 12 
hours at 40°C with continued stirring. The solution so 
obtained is designated solution B. 

At time t^ while strongly stirring sol A, we quickly 
poured solution B into sol A. With gentler stirring for 7 
hours, we let the resulting mixed sol mature at 40°C ; then 
we brought it back to room temperature, which resultant 
matured sol is designated sol C. We filled the micropo- 
rous zircon tube with sol C by suction, maintained it full 
for 4 minutes, and then drained it smoothly. 

We dried the coating obtained above at 40°C in wet 
atmosphere for 20 hours. Then we fired it at 1 1 00°C for 
5 hours, the heating rate being 3°C/minute. Thus, we 
finally obtained a porous zircon membrane with pore size 
around 30-50 nm. 

Example 2 

Into a hermetically sealed f laskf itted with a magnetic 
stirrer, we introduced 87 ml of ethanol. Then while stirring 
the ethanol, we added 3.3 ml of water at pH = 3. That pH 
was obtained by taking ion exchanged and filtered water, 
and adding the adequate quantity of nitric acid to it. After 



mixing for 5 minutes, we added 4.35 ml of TEOS. We let 
the mixture mature for 1 hour at 40°C while stirring it. 
Then, with continued stirring, we added 0.6 ml of water 
at pH 1 2 (that pH was obtained, with ion exchanged and 

5 filtered water, by adding the adequate quantity of ammo- 
nium hydroxide to it), and we further continued stirring 
for 5 minutes. Finally we added 0.42 g of dihydrated cop- 
per dichloride and dissolved it while stirring the mixture 
for 5 minutes. The sol so obtained is designated so! D, 

10 and the time at which the above 5 minutes stirring was 
finished is designated tp. 

Concurrently with the preparation of sol D, we intro- 
duced 81 ml of propanol-1 into a hermetically sealed 
f laskf itted with a magnetic stirrer. Then, white stirring the 

is propanol, we added 1 .2 ml of acetylacetone. After mixing 
for 5 minutes, we quickly added 8.25 ml of Zr(OPr) 4 . 
Such chemical modification of Zr(OPr) 4 was carried out 
for 1 hour at 40°C with continued stirring. Thus, we 
obtained solution E. 

20 At time t^ while stirring sol D, we quickly poured 
solution E into sol D. With gentler stirring for 1 1 hours, 
we let the mixed sol F mature at 40°C; then we brought 
it back to room temperature. We filled the zircon micro- 
porous tube with sol F by suction, maintained it full for 4 

25 minutes, and then drained it smoothly. 

We dried the coating obtained above at 40°C in wet 
atmosphere for 2 hours, and then fired it at 1 1 00°C for 5 
hours. Thus, we finally obtained a porous zircon mem- 
brane with pore size around 30-50 nm. 

30 

Example 3 

We introduced 73 ml of ethanol into a hermetically 
sealed flask fitted with a magnetic stirrer. While stirring 

35 the ethanol. we added 3.3 ml of water at pH = 3. That pH 
was obtained by taking ion exchanged and filtered water, 
and adding the adequate quantity of nitric acid. After mix- 
ing for 5 minutes, we added 2.9 ml of TEOS. We let the 
mixture mature for 1 hour at 40°C while stirring it. Then 

40 we added 0.33 g of monohydrated copper diacetate and 
dissolved it while stirring the mixture for 5 minutes. The 
sol so obtained is designated sol G, and the time at which 
the above 5 minutes stirring was finished is designated 
to- 

45 Concurrently with the preparation of sol G, we intro- 
duced 68 ml of propanol-1 into a flask fitted with a mag- 
netic stirrer. Then while stirring the propanol, we added 
1 ml of triethanolamine. After mixing for 5 minutes, we 
quickly added 5.5 ml of Zr(OPr) 4 . Such chemical modif i- 

so cation of Zr(OPr) 4 was carried out for 1 2 h at 40°C with 
continued stirring, and gave what we call solution H. 

At time t^ while strongly stirring sol G, we quickly 
poured solution H into sol G. With gentler stirring for 2 
hours, we let the resulting mixed sol I mature at 40°C; 

55 then we brought it back to room temperature. We filled 
the microporous zircon tube with sol I by suction, main- 
tained it full for 1 5 seconds, and then drained it smoothly. 

We dried the coating obtained above at 40°C in wet 
atmosphere for 2 hours, and then fired it at 1 100°C for 5 
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hours. Thus, we finally obtained a porous zircon mem- 
brane with pore size around 30-50 nm. 

Example 4 

5 

We repeated example 2 except for the firing temper- 
ature, which was 1200°C. In this case the final coating 
was a dense (non porous) zircon layer. 

Claims 10 

1 . A process to produce ultra thin zircon coating com- 
prising: 

A) mixing (i) a homogenous alcoholic sol result- is 
ing from hydrolysis and partial condensation of 

a silicon alkoxide with (ii) a homogenous solu- 
tion of a zirconium compound chelated in an 
alcohol and (iii) in the presence of a doping 
agent being soluble in the resulting mixture and 20 
promoting zircon crystallization, with propor- 
tions of the sol and the solution yielding a molar 
ratio Si/Zr close or equal to 1 , until a homoge- 
nous mixed sol is obtained; 

B) forming a matured sol containing colloidal 25 
particles and/or polymeric entities by a proce- 
dure selected from: 

(i) stirring the mixed sol for approximately 

30 minutes to 24 hours under conditions of 30 
temperature and stirring to obtain and avoid 
gelling the matured sol, and 

(ii) gelling the mixed sol, drying and forming 
a powder of the resultant gel, and mixing 
the powder with acidified water to obtain the 35 
matured sol; 

C) forming a coating of the matured sol on a 
microporous substrate; 

D) drying the sol coating sufficiently slow to con- 40 
vert the sol coating to a gel coating and avoid 
flaws in the gel coating; 

E) firing the gel coating on the substrate at a 
temperature of 900 to 1 500°C to form an adher- 
ent ultra thin zircon layer on the microporous 45 
substrate. 

2. The process of claim 1 wherein the silicon alkoxide 
is tetraethylorthosilicate. 

so 

3. The process of claim 1 wherein the zirconium com- 
pound is zirconium tetra-n-propoxide. 

4. The process of claim 1 wherein the zirconium com- 
pound is chelated by acetytacetone or trieth- ss 
anolamine. 

5. The process of claim 1 wherein the doping agent is 
a copper salt. 



6. The process of claim 5 wherein the copper salt is 
CuCI 2 -2H20 or Cu(CH 3 COO) 2 ' H2O. 

7. The process of claim 1 wherein the molar ratio 
water/silicone alkoxide is between 4 and 20. 

8. The process of claim 1 wherein the molar ratio 
chelating compound/zirconium compound is 
between 0.1 and 1. 

9. The process of claim 1 wherein the molar ratio dop- 
ing agent/(silicon alkoxide + zirconium compound) 
is between 0.01 and 0.25. 

1 0. The process of claim 1 wherein the sum of the molar 
concentrations of the silicon alkoxide in the sol and 
of the zirconium compound in the alcoholic solution 
is between 0.1 and 2 moles/litre. 

11. The process of claim 1 wherein the pH of the alco- 
holic sol is acidic. 

12. The process of claim 1 1 wherein the pH of the alco- 
holic sol is made basic. 

1 3 The process of claim 1 wherein the firing is at a tem- 
perature of 1000-1 120°C. 

14. The process of claim 13 wherein the firing is at a 
temperature between 1150 and 1250°C. 

15. An ultrafiltration device comprising an ultra filtration 
membrane supported by a microporous substrate, 
and the membrane is a porous, ultra thin, zircon 
layer produced by the process of claim 13. 

16. An article comprising a microporous substrate hav- 
ing a surface to be protected and a dense, ultra thin, 
zircon layer coating the surface to be protected, the 
layer being produced by the process of claim 14. 

PatentansprOche 

1 . Verfahren zur Herstellung einer uftradunnen Zirkon- 
beschichtung mit den Schritten: 

A) Vermischung (i) eines homogenen Alkohol- 
sols, erharten durch Hydrolyse und Teilkonden- 
sation eines Siliziumalkoxids mit (ii) einer 
homogenen LOsung einer Zirkoniumverbin- 
dung, die in einem Alkohol ein Chelat gebildet 
hat, und 

(iii) in Gegenwart eines Dotierungsmittels, das 
in der erhaltenen Mischung loslich ist und die 
Zirkonkristallisation fOrdert, mit solchen Antei- 
len des Sols und der Losung, das ein Molver- 
haitnis Si/Zr von nahebei 1 odergleich 1 erzielt 
wind , bis ein homogenes Mischsol erharten wird; 
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B) Ausbilden eines kolioidale Teilchen und/oder 
polymere Gruppen enthaltenden gereiften Sols 
durch ein aus den nachfolgenden Verfahren 
ausgewahltes Verfahren: 

5 

(i) ROhren des Mischsols fur ungefahr 30 
Minuten bis zu 24 Stunden unter solchen 
Temperatur- und ROhrbedingungen, um 
das gererfte Sol zu erhalten und seine Gel- 
bildung zu vermeiden, und 10 

(ii) Gelierung des Mischsols, Trocknen und 
Ausbilden eines Pulvers des erhaltenen 
Gels, und Vermischung des Pulvers mit 
angesauertem Wasser, um das gereifle Sol 

zu erhalten; is 

C) Ausbilden einer Beschichtung des gereiften 
Sols auf einem mikroporOsen Trdger; 

D) Ausreichend langsame Trocknung der Sol- 
beschichtung, um die Solbeschichtung zu einer 20 
Gelbeschichtung umzuwandeln und um Fehler 

in der Gelbeschichtung zu vermeiden; 

E) Brennen der Gelbeschichtung auf dem Tra- 
ger bei einer Temperatur von 900 bis 1500°C 
zur Bildung einer anhaftenden ultradunnen Zir- 25 
konschicht auf dem mikroporOsen Trdger. 

2. Verfahren nach Anspruch 1 , wobei das Siliziumalk- 
oxid Tetraethylorthosilicat ist. 

30 

3. Verfahren nach Anspruch 1, wobei die Zirkonium- 
verbindung Zirkoniumtetra-n-propoxid ist. 

4. Verfahren nach Anspruch 1, wobei die Zirkonium- 
verbindung durch Acetylaceton oder Triethanolamin 35 
einer Chelatbildung unterzogen wird. 

5. Verfahren nach Anspruch 1 , wobei das Dotierungs- 
mittel ein Kupfersalz ist. 

40 

6. Verfahren nach Anspruch 5, wobei das Kupfersalz 
CUCI2.2H2O Oder Cu(CH 3 COO) 2 .H20 ist. 

7. Verfahren nach Anspruch 1, wobei das Molverhait- 

nis Wasser/Siliziumalkoxid zwischen 4 und 20 liegt. 45 

8. Verfahren nach Anspruch 1, wobei das Molverhait- 
nis chelatbildende Verbindung/Zirkoniumverbin- 
dung zwischen 0,1 und 1 liegt. 

50 

9. Verfahren nach Anspruch 1, wobei das Molverhait- 
nis Dotierungsmittel/(Siliziumalkoxid + Zirkonium- 
verbindung) zwischen 0,01 und 0,25 liegt. 

1 0. Verfahren nach Anspruch 1 , wobei die Summe der ss 
Molkonzentrationen des SiliziumalkoxkJs im Sol und 
der Zirkoniumverbindung in der AlkohollOsung zwi- 
schen 0,1 und 2 Molen/Uter liegt. 



1 1 . Verfahren nach Anspruch 1 , wobei der pH-Wert des 
Alkoholsols sauer ist. 

12. Verfahren nach Anspruch 11, wobei der pH-Wert 
des Alkoholsols basisch gemacht wird. 

1 3. Verfahren nach Anspruch 1 , wobei das Brennen bei 
einer Temperatur von 1000-1 120°C durchgefOhrt 
wird. 

14. Verfahren nach Anspruch 13, wobei das Brennen 
bei einer Temperatur zwischen 1150 und 1250°C 
durchgefuhrt wird. 

15. Urtrafiltrationsvorrichtung mit einer durch einen 
mikroporOsen Trdger unterstutzten Ultrafiltrations- 
membran, und die Membran ist eine porOse, ultra- 
dunne Zirkonschicht, hergestellt durch das 
Verfahren nach Anspruch 13. 

16. Gegenstand mit einem mikroporOsen Trdger mit 
einer zu schutzenden Oberf lache und einer dichten, 
ultradQnnen Zirkonschichtbeschichtung der zu 
schutzenden Oberfiache, wobei die Schicht durch 
das Verfahren des Anspruchs 14 hergestellt wird. 

Revendications 

1. Proc6d6 pour produire un revStement de zircon 
ultraf in, comprenant : 

A) le melange (i) d'un sol alcoolique homog6ne 
resultant de I'hydrolyse et de la condensation 
partielle d'un alcoxyde de silicium avec (ii) une 
solution hornogSne d'un compos6 du zirconium 
chelate dans un alcool, et (iii) en presence d'un 
agent dopant soluble dans le melange obtenu 
et favorisant la cristallisation du zircon, les pro- 
portions du sol et de la solution donnant un rap- 
port molaire Si/Zr proche de ou 6gal a 1 . jusqu'a 
ce qu'on obtienne un sol mixte homog&ne ; 

B) la formation d'un sol mQri contenant des par- 
ticules colloidales et/ou des entites polym^res, 
par un mode op6ratoire choisi parmi : 

(i) I'agitation du sol mixte pendant approxi- 
mativement 30 minutes a 24 heures dans 
des conditions de temperature et d'agita- 
tion pour obtenir le sol mQri et 6viter sa g6li- 
fication, et 

(ii) la g&if ication du sol mixte, le s£chage et 
la formation d'une poudre du gel obtenu, et 
le melange de la poudre avec de I'eau aci- 
difi6e pour obtenir le sol mOri ; 

C) la formation d'un revfitement du sol mOri sur 
un substrat microporeux ; 

D) le s6chage du revdtement en sol suffisam- 
ment lentement pour convertir le rev§tement en 
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sol en un revetementdegel et eviterdesdefauts 
dans le revetement de gel ; 
E) la cuisson du revetement de gel sur le subs- 
trat a une temperature de 900 a 1500 °C pour 
former une couche de zircon urtramince adhe- 5 
rant sur le substrat microporeux. 

2. Procede selon la revendication 1, dans lequel 
I'alcoxyde de silicium est rorthosilicate de tetrae- 
thyle. 10 

3. Procede selon la revendication 1, dans lequel le 
compose du zirconium est le tetra-n-propoxyde de 
zirconium. 

15 

4. Procede selon la revendication 1, dans lequel le 
compose du zirconium est chelate par de Tacetyla- 
cetone ou de la triethanolamine. 



con ultramince poreuse produite par le procede de 
la revendication 13. 

16. Article comprenant un substrat microporeux ayant 
une surface devant etre protegee et une couche de 
zircon ultramince dense revetant la surface devant 
etre protegee, la couche etant produite par le pro- 
cede de la revendication 14. 



5. Procede selon la revendication 1, dans lequel 20 
I'agent dopant est un sel de cuivre. 



6. Procede selon la revendication 5, dans iequeJ le sel 
de cuivre est CUCI2.2H2Q ou Cu(CH 3 COO) 2 .H20. 

25 

7. Procede selon la revendication 1 , dans lequel le rap- 
port molaire eau/alcoxyde de silicium est entre 4 et 
20. 



8. Procede selon la revendication 1 , dans lequel le rap- 30 
port molaire compose chelatant/compose du zirco- 
nium est entre 0,1 et 1. 



9. Procede selon la revendication 1 , dans lequel le rap- 
port molaire agent dopant/(alcoxyde de silicium + 35 
compose du zirconium) est entre 0,01 et 0,25. 

10. Procede selon la revendication 1, dans lequel la 
somme des concentrations molaires de Talcoxyde 

de silicium dans le sol et du compose du zirconium 40 
dans la solution alcoolique est entre 0,1 et 2 
moles/litre. 



1 1 . Procede selon la revendication 1 , dans lequel le pH 

du sol alcoolique est acide. 45 

1 2. Procede selon la revendication 1 1 , dans lequel le pH 
du sol alcoolique est rendu basique. 

13. Procede selon la revendication 1, dans lequel la so 
cuisson est a une temperature de 1000 a 1 120 °C. 

14. Procede selon la revendication 13, dans lequel la 
cuisson est a une temperature entre 1 150 et 1250 

°C. 55 



15. Dispositif ^ultrafiltration comprenant une mem- 
brane d'ultrafiftration supportee par un substrat 
microporeux, et la membrane est une couche de zir- 
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